Supplementary Materials and Methods
Sequence analysis. Plant DXO homologs were identified with the blastp algorithm (1) . Sequences were aligned using the T-Coffee web server (2) and rendered with Jalview. Disorder probabilities were predicted with GeneSilico MetadisorderMD2 (3) .
Yeast strains and growth conditions. DXO1 cDNA was expressed under the control of the ADH1 constitutive promoter in a pRS416 vector in wild-type (MATα, leu2, ura3, lys2, trp1, his3, abd1::LEU2, p358-ABD1) and rai1Δ (MATα, leu2, ura3, lys2, trp1 his3, abd1::LEU2, RAI1::kanMAX4, p358-ABD1) yeast strains. Yeast were grown at 30ºC in YPD medium (1% yeast extract, 2% Bacto-peptone, 2% glucose) or synthetic complete medium (0.67% yeast nitrogen base, 2% glucose or 2% galactose, supplemented with amino acids and nucleotide bases).
Protein mutagenesis, expression and purification. Site-specific mutations (E394A/D396A and N298G) were generated using site directed-mutagenesis PCR (see the list of oligonucleotides in Supplementary Table S3) and confirmed by sequencing. Full-length A. thaliana AT4G17620, N-terminally truncated (lacking amino acids ) and point-mutated variants were cloned into pET26b with the C-terminal His tag (Novagen). Proteins were overexpressed in E. coli BL21 Rosetta (DE3) cells at 20ºC for 16 hours after induction with 0.5 mM IPTG.
Cells were lysed by sonication in buffer A (20 mM Tris-HCl, pH 8.0, 300 mM NaCl, 10% glycerol and 5 mM β- 18.04.24) using Yasara2 force-field (4). The structure of DXO1(ΔN194) was modeled in two repetitions by homology, using the template of the crystal structure of mouse DXO in complex with either p-RNA (4J7L, Protein Data Bank) or 3'-NADP (5ULI, Protein Data Bank) in the presence of divalent cation(s). The final model of the NAD + -capped polyU substrate (U5) combined the two models above with a fixed chemical bond between 5' phosphorus of p-RNA and 3'O of NAD adenine moiety. The resulting structure of NAD + -capped U5 bound to DXO1(ΔN194) was then preoptimized in the neighborhood of the modified phosphate group (5A threshold) and further refined with several cycles of simulated annealing procedure, in high-temperature steps, with the constrained coordinates of all backbone atoms of RNA and protein. Other RNA substrates (p-, ppp-and m 7 Gppp-) positioned in the DXO1 binding site were obtained by local modification of the NAD + -capped polyU complex. All complexes were then subjected to 20ns molecular dynamics at 198 K, with the protein in each simulation initially solvated with a water shell of a 4A thickness. The latter procedure was also repeated for all substrates in complexes with DXO1(ΔN194/N298G), which initial structures were taken from the final snapshots of molecular dynamics (MD) traces recorded for the corresponding complex of the native protein.
Fluorescence polarization. Fluorescence polarization binding assays were performed to determine the binding affinities of DXO1(wt), DXO1(E394A/D396A), DXO1(ΔN194), DXO1(N298G) and DXO1(ΔN194/N298G) to RNA substrates fluorescently 3'-labeled with 6-carboxyfluorescein (FAM) (see sequences of RNA substrates in Supplementary Table S2 ). The equilibrium dissociation constants values (Kd) of RNA substrate with DXO1 variants were determined by monitoring the total fluorescence polarization of mixtures of the fluorescent substrate (10 nM) and proteins at increasing concentrations up to full saturation (16 µM) in a final volume of 100 µl in the binding buffer (30 mM Tris-HCl pH 8.5 mM NH4Cl, 2 mM CaCl2, 0.5 mM DTT, 0.1 mM spermine).
Fluorescence polarization at 535 nm (485 nm excitation) was measured using the PARADIGM Detection Platform (Beckman Coulter) in FP fluor 384 black plates (Greiner). The experimentally derived fluorescence data were analyzed according to the two state model for 1:1 RNA binding. The binding affinities and anisotropy levels characteristic for bound and free states, together with the associated standard deviations were estimated using appropriate model implemented in origin 9 (www.originlab.com). For each protein-RNA system the doseresponse effect was monitored at increasing protein concentration, while concentration of labeled RNA remained constant. All measurements were at least duplicated. Dissociation constants were estimated for all repetitions globally, whereas the apparent fluorescence polarization of free RNA and that of RNA bound to the protein were fitted independently for each measurement.
Electrophoretic Mobility Shift Assay (EMSA).
For the detection of protein-RNA complexes gel electrophoretic mobility shift assay (EMSA) was performed with five DXO1 variants (wt, N298G, E394A/D396A, ΔN194 and ΔN194/N298G). Proteins were incubated on ice with radioactively labeled substrates for 60 min in a binding buffer that contained 30 mM Tris-HCl pH 8.0, 50 mM NH4Cl, 2 mM CaCl2 and 0.5 mM DTT. Samples were separated in a native 10% acrylamide gel (37.5:1 acrylamide:bis acrylamide) with 10% glycerol at 10W in 4ºC.
Gels were analyzed with PhosphorImager Typhoon FLA 9000 (GE Healthcare).
Plant material, growth conditions and cordycepin treatment. Arabidopsis thaliana wild-type ecotype Columbia (Col-0) was used in this study. The following homozygous lines were selected: SALK_103157 (dxo1-1) and SALK_032903 (dxo1-2) with T-DNA insertions in exon II and intron V of DXO1 gene (AT4G17620), respectively. rdr6 plants that contain mutations in the AT3G49500 gene were already characterized (5). The homozygous dxo1-2/rdr6 double mutant was created by crossing and plants were selected by PCR genotyping. Seeds were surface sterilized with 30% bleach 0.02% Triton-X100 solution, stratified for 2 days at 4ºC and grown on soil or on MS medium (6) supplemented with 1% (w/v) sucrose and 0.3% phytagel under long day conditions (16h light/8h dark). DXO1(wt), DXO1(E394A/D396A), DXO1(ΔN194) and DXO1(ΔN194/E394A/D396A) transgenic lines expressing DXO1 variants fused to GFP under the control of the constitutive 35S promoter from the cauliflower mosaic virus (CaMV) were generated by transforming dxo1-2 plants with Agrobacterium tumefaciens strain GV3101 carrying pGWB605-DXO1(wt), pGWB605-DXO1(E394A/D396A), pGWB605-DXO1(ΔN194) and pGWB605-DXO1(ΔN194/E394A/D396A) plasmids using the floral-dip method (7). Seeds from A. tumefacienstreated plants were selected based on their resistance to BASTA. Plant binary pGWB605 vectors were obtained by the LR recombination (Invitrogen) with pENTRY1A plasmids containing DXO1 cDNA sequences cloned between SalI and NotI sites (see the list of oligonucleotides in Supplementary Table S3 ). mRNA half-life measurement experiments were carried out as described (8) . Two-week-old seedlings were transferred to flasks containing a buffer (1 mM PIPES, pH 6.25, 1 mM sodium citrate, 1 mM KCl, 15 mM sucrose), and after a 30-min incubation, cordycepin (150 mg/l) was added. Material was collected at 0, 15, 30, 60, 90 and 120 min time points after transcriptional inhibition.
Measurement of chlorophyll content. Chlorophyll (Chl) extraction and quantification were performed using 0.5 g of leaves from tree-week-old plants as previously described (9) . Briefly, Chl was extracted with 100% acetone and quantified spectrophotometrically at 662 and 645 nm. Chla and chlb contents were calculated according to the following equations: chla=12.25*A662−2.79*A645 (μg per ml solution); chlb=21.50*A645−5.10*A662 (μg per ml solution).
RNA isolation and quantification. Total yeast RNA was isolated from cultures at OD 0.2 with the hot phenol extraction method (10) . Total plant RNA was isolated from two-week-old seedlings or three-week-old plants grown in soil using Trizol reagent (Sigma) according to manufacturer's instructions. For northern blot analysis, total RNA (15 µg) was resolved in 1% denaturing agarose gel or in 10% urea-polyacrylamide gel and transferred by capillary elution or electrotransfer to a Hybond N+ membrane (Amersham). For siRNA detection, total RNA (15 µg) was resolved in 15% urea-polyacrylamide gel, electrotransfered to a Hybond N membrane (Amersham) and chemically cross-linked with 1-ethyl-3-(3-dimethylaminopropyl) carbodiimide hydrochloride (EDC) (11) .
Random primed probes were amplified using cDNA template with appropriate primers (Supplementary Table   S3 ) and radioactively labeled with DecaPrime kit (Ambion) and [α-32 P]ATP (Hartmann Analytics). Table S3 ) were radioactively labeled using PNK (Thermo Scientific) and [γ-32 P]ATP (Hartmann Analytics). Membranes were hybridized overnight with radioactive probes in PerfectHyb buffer (Sigma), washed, analyzed with PhosphorImager Typhoon FLA 9000 (GE Healthcare) and quantitated with ImageJ software. cDNA for RT-PCR and RT-qPCR was prepared for 1 hour at 55°C with a mix of oligo(dT)20 and 10xRT Random Primers (Applied Biosystems) using a SuperScript® III Reverse Transcriptase Kit (Invitrogen) and 10 µg of total RNA treated with RNase-free TURBO DNase (Ambion) for 60 min at 37°C. qPCR was carried out using LightCycler® 480 SYBR Green I Master (Roche) and primers listed in Supplementary Table S3 . UBC9 (AT4G27960) mRNA was used for normalization of expression values. All reactions were performed in three independent biological replicates.
Oligoribonucleotide probes (Supplementary
Whole transcriptome sequencing. Libraries were prepared on total RNA isolated from three biological replicates of three-week-old Col-0 and dxo1-2 plants grown at the same time, using Illumina TruSeq Stranded Total RNA with Ribo-Zero Plant rRNA Removal (Plant Leaf) protocol including barcoding and were then paired-end sequenced on HiSeq4000 (DNA Research Centre, Poznan, Poland). Raw sequence data (see Supplementary   Table S5 for library read depths) was deposited in the GEO database (GSE95473 and GSE99600). Fastq files were quality checked with fastqc (v0.10.1-http://www.bioinformatics.babraham.ac.uk/projects/fastqc/) with all the replicates showing high quality RNA-seq data. Reads were aligned to TAIR10 A. thaliana genome from ensembl release v29 (12) using HISAT2 v2.0.4 (13) with the following command-line parameters: --fr --rnastrandness RF --known-splicesite-infile. Mapped reads were sorted using samtools sort v1.1 (14) .
Small RNA sequencing. Libraries were prepared on total RNA isolated from three biological replicates of threeweek-old Col-0 and dxo1-2 plants using NEB Next Small RNA Library Prep Set for Illumina including PAGE selection of small RNA and sequencing using Illumina HiSeq4000 in 50bp single-end mode (BGI, Beijing, China). Obtained fastq files (see Supplementary Table S5 for library read depths) were quality checked using fastqc (v0.10.1 -http://www.bioinformatics.babraham.ac.uk/projects/fastqc/) with all the replicates showing high quality RNA-seq data. Adaptor sequences (Illumina Small RNA Adapter2 TCGTATGCCGTCTTCTGCTTGT) were removed using cutadapt (v1.9.dev6 -http://cutadapt.readthedocs.io/en/stable/guide.html) and reads were quality trimmed with sickle se (v0.940 -https://github.com/najoshi/sickle) with the following command-line parameters: -t illumina -q 20 -l 20. Reads were mapped to TAIR10 A. thaliana genome from ensembl release v29 (12) using bowtie v1.0.0 (15) with the following command-line parameters: -phred33 -n 1 -k 10 -m 10 -l 18 -best -strata. Mapped reads were sorted using samtools sort v1.1 (14) .
Differential expression analysis.
Reads were counted with htseq-count v0.6.0 (16) and the following commandline parameters: -a 0 -s reverse (whole transcriptome sequencing) or -a 0 -s no (small RNA sequencing) using Araport11 gene annotation release 201604 (17) . Differential expression (DE) was performed using DESeq2 v1.8.2 (18) R (v3.2.2) package with parameter alpha = 0.05. Genes with FDR < 0.05 were considered significantly changed and those with FDR < 0.05 and absolute log2FC > 1 were considered strongly affected.
To estimate the length of siRNA classes responsible for observed differences, DE analysis was performed on reads grouped according to their length using reformat.sh with parameters minlength and maxlength from bbmap (v35.x -https://sourceforge.net/projects/bbmap/). 20-22-nt and 23-25-nt small RNAs were considered 21-nt and 24-nt length classes, respectively.
Plots and GO enrichment analysis. RNA-seq alignments were split to separate read-pairs that originate from transcription on the forward and reverse strands using samtools v1.1 (14) . To isolate the forward strand alignments we use the bitflag filters -f 128 -F 16 for R2 reads and -f 64 -F 32 for their R1 pairs, producing two separate alignment files which were then merged. To isolate the reverse strand alignments we use the bitflag filters -f 144 for R2 reads and -f 96 for their R1 pairs, again producing two separate alignment files which were then merged. Alignment coverage graphs were calculated with genomeCoverageBed from bedtools v2.17.0 (19) for all the alignment files with normalization to number of reads and were converted to bigwig format with bedGraphToBigWig (v4) from the UCSC Genome Browser application binaries collection (http://hgdownload.cse.ucsc.edu/admin/exe/linux.x86_64/). Average profiles were created using seqplots (v1.6.0 -http://przemol.github.io/seqplots/) R package. GO enrichment analysis was performed using AmiGO (v1.8 -http://amigo.geneontology.org) with FDR < 0.01.
Capture of NAD-RNA from total RNA. NAD capture was performed as previously described (20) . Samples of total RNA (100 µg) were incubated at 37°C for 30 min in 100 µl reaction containing 10% 4-pentyn-1-ol, 25 ng/µl ADPRC (Sigma) and buffer (50 mM HEPES pH 7, 5 mM MgCl2). Reaction without ADPRC was used as a negative control. The reaction was stopped by phenol/chloroform extraction and RNA was ethanol precipitated in the presence of glycogen. The subsequent CuAAC reaction was performed in 100 µl of 50 mM HEPES (pH 7) and 5 mM MgCl2 buffer with biotin-PEG3-azide (250 µM) and a freshly prepared mixture of CuSO4 (1 mM GeneSilico MetadisorderMD2 method (dp > 0.5 disordered regions, dp < 0. Table S4 for the full comparison of the datasets. 
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